Background. Osteodystrophy is one of the long-term haemodialysis complications, and in diabetic patients, it mainly occurs as an aplastic or low-turnover type due to their low serum intact parathyroid hormone (iPTH) levels. In the present study, we investigated the role of glycaemic control to the serum iPTH levels in diabetic haemodialysis patients. Methods. A total of 162 patients who had started haemodialysis at our hospital in the last 10 years were enrolled. Among them, 80 patients suffered from diabetic nephropathy as a primary cause of end-stage renal failure, 69 chronic glomerulonephritis, 9 polycystic kidney and 4 from other causes. We examined the serum iPTH and HbA 1c levels of all patients at the start of haemodialysis. In 80 diabetic patients, we examined those levels both at the start of haemodialysis and 1 year later and investigated how glycaemic control affected the iPTH levels. Results. The serum iPTH levels at the start of haemodialysis were significantly lower in patients with diabetes than without diabetes (P = 0.032). The levels were lower in patients with poor glycaemic control than with good control (P = 0.045). In the analysis of diabetic patients 1 year later, the serum iPTH levels were significantly reduced in those with poor glycaemic control (P = 0.002). The multiple regression test showed that the serum HbA 1c levels were strongly related to the serum iPTH levels (P < 0.001). Conclusions. The status of glycaemic control in diabetic haemodialysis patients affects the serum iPTH levels. Good glycaemic control should be required to prevent osteodystrophy.
Introduction
For the last several years, the dialysis population in our country has been increasing by more than 10 000 patients per year and reached a total of 219 183 at the end of 2001 [1] . Among dialysis patients, the predominant primary disease is diabetic nephropathy which accounts for up to 40% of all patients every year [1] . In haemodialysis patients, it has been reported that diabetes mellitus confers a protective effect from the skeletal manifestations of secondary hyperparathyroidism because diabetic patients had significantly lower intact parathyroid hormone (iPTH) levels than nondiabetic patients [2] [3] [4] . However, the low serum iPTH levels suppress the rate of bone formation and result in renal osteodystrophy, which is characterized by an aplastic or low-turnover bone disorder in diabetic haemodialysis patients [5] [6] [7] . When considering the increasing number of patients and extended duration of dialysis therapy, it is important to maintain their bone turnover by adjusting the serum iPTH level.
It has been reported that the high serum concentration of glucose reversibly suppresses PTH secretion from cultured bovine parathyroid cells in vitro [8] . It is also reported that the serum glucose concentration was inversely correlated with the serum PTH levels in diabetic patients with chronic renal failure [9] . However, few reports have been available about the effect of long-term glycaemic control on parathyroid function in diabetic haemodialysis patients who do not receive any active forms of vitamin D. In the present study, we investigated how glycaemic control affected serum iPTH level during a 1-year period of haemodialysis therapy.
Patients and methods

Patients
This retrospective cohort study included 162 consecutive patients (97 males and 65 females with the mean age of 61 ± 13 years) who started haemodialysis therapy between February 1995 and January 2005, and had continued the therapy for 1 year with outpatient status at Murakami Shinmachi Hospital, Aomori, Japan. Eighty patients suffered from diabetic nephropathy induced by type 2 diabetes as a primary disease causing end-stage renal failure, and the remaining 82 patients had diseases other than diabetes. The primary diseases in the patients without diabetes included chronic glomerulonephritis in 69 patients, polycystic kidney in 9 and the other diseases in 4. At the time of starting haemodialysis, none of the patients had received any active forms of vitamin D, and in addition, none of them had had a history of percutaneous ethanol injection therapy (PEIT) or parathyroidectomy as treatment for primary or secondary hyperparathyroidism.
Blood sample collection
Blood samples were taken from all of the 162 patients at the time of starting haemodialysis therapy to measure serum iPTH, calcium, phosphorus, alkaline phosphatase, creatinine, urea nitrogen and albumin levels. The samples were drawn from either the arteriovenous fistula or catheter inserted into the femoral vein. We used a cut point of 6.5% for HbA 1c according to the guideline of the Japan Diabetes Society. Of the 80 patients with diabetic nephropathy, 60 had a serum haemoglobin A 1c (HbA 1c ) level < 6.5% (good glycaemic control), while the other 20 had an HbA 1c ≥ 6.5% (poor glycaemic control) at the start of the haemodialysis therapy.
All of the 80 diabetic patients were followed at our hospital while undergoing haemodialysis therapy. They were maintained with a dialysis fluid of 3.0 mEq/L of calcium concentration, and there was no difference in dialysis frequency and efficacy between diabetic and non-diabetic patients. Blood samples were taken again from each patient 1 year after the start of haemodialysis. At that time, 74 patients underwent haemodialysis three times a week, 5 two times a week and the remaining patient once a week. In the patients dialyzed three times a week, blood sampling was performed at the mid session (on Wednesday or on Thursday) exactly 44 h after the previous session. In the patients dialyzed two times a week, it was performed exactly 68 h after the previous session. In the patient dialyzed once a week, it was done at the beginning of the session. Eight diabetic patients were excluded from the analysis because they were administered some active forms of vitamin D, which influences serum iPTH levels, during the study period. None of the patients experienced PEIT or parathyroidectomy for the treatment of hyperparathyroidism during the period. Blood samples were taken from the other 72 diabetic patients at 1 year after starting haemodialysis.
The patients were divided into four groups according to the status of glycaemic control at the start of the haemodialysis therapy and at 1 year later: Group A consisted of 35 patients with good glycaemic control (HbA 1c < 6.5%) both at the start of the therapy and 1 year later; Group B: 19 patients with good glycaemic control at the start of the therapy but poor control (HbA 1c ≥ 6.5%) 1 year later; Group C: 11 patients with poor glycaemic control at the start of the therapy and good control 1 year later; Group D: 7 patients with poor glycaemic control both at the start and 1 year later ( Figure 1 ). In each group, the change in the serum iPTH level during a 1-year period of haemodialysis therapy was examined.
iPTH assay and measurements of biochemical parameters
The serum iPTH was measured by immunoradiometric assay (IRMA; Allegro Intact PTH; Nichols Institute, San Juan, Capistrano, CA) [10] . The normal range for healthy subjects determined in our laboratory was 10.0-65.0 pg/mL. Biochemical parameters described above were measured by means of an autoanalyzer (Hitachi, Ltd, Japan).
Statistical analysis
As the serum iPTH is not normally distributed, it was expressed as median and range, and analysed using MannWhitney's U-test (Tables 1 and 2 , Figure 2) . Other values were expressed as mean ± one standard deviation unless otherwise indicated, and differences in the mean values between two groups were analysed using Student's t-test (Tables 1 and 2 ). Chi-square test and Fisher's exact probability test were used for comparison of categorical parameters (Tables 1 and 2 ). Differences of iPTH in the mean values between before and after 1-year period of haemodialysis in each group were analysed using Wilcoxon signed-ranks test (Figure 3 ). The contribution of each biochemical parameter to the serum iPTH level at 1 year after the therapy was assessed using a multiple regression test (Table 3) .
Results
Profiles at the start of the haemodialysis therapy Table 1 shows the baseline parameters for the patients with diabetic nephropathy and those with the other diseases. At the start of haemodialysis, the mean serum iPTH level in patients with diabetic nephropathy was 152 (4.8-477) pg/mL, which was significantly lower than that in patients without diabetes (188(3.7-860) pg/mL, P = 0.032). The serum alkaline phosphatase levels in patients with diabetic nephropathy were significantly higher than those in patients without diabetes. There were no significant differences in age and serum levels of calcium, phosphorus, creatinine, urea nitrogen and albumin between the two groups. The rate of the administration of calcium-based phosphate binders was not different either. Table 2 shows the comparison of the parameters measured at the start of the haemodialysis therapy between the groups with good and poor glycaemic control in diabetic patients. The mean serum iPTH level in patients with poor glycaemic control was 101(25-269) pg/mL and was significantly lower than that in patients with good glycaemic control (156(4.8-477) pg/mL, P = 0.045). It was also significantly lower than that in the patients without diabetic nephropathy (Figure 2 ). The serum alkaline phosphatase level in patients with poor glycaemic control was higher than that in patients with good control but the difference was not significant (P = 0.154). The usage of insulin was significantly higher in patients with poor glycaemic control than in those with good glycaemic control. There were no significant differences in the other parameters between the two groups.
Changes in the serum iPTH and other biochemical parameters during 1-year study period in diabetic patients
As shown in Figure 3 , in Groups A and D in which no change in the state of glycaemic control was noted during 1-year period, no marked change in the serum iPTH level was noted 1 year later. In Group B, with glycaemic control having worsened during the 1-year period, the serum iPTH level was decreased from 110 (48-304) pg/mL at the start of the haemodialysis therapy to 76 (14-174) pg/mL at 1 year after the therapy (P = 0.002). In Group C, with glycaemic control having improved during the 1-year period, the serum iPTH level was slightly increased but the change was not significant (P = 0.266). The other parameters including haemoglobin, calcium, phosphorus and alkaline phosphatase levels were all unchanged during the 1-year period in all groups. Moreover, the efficacy of dialysis (Kt/V) in the four groups 1 year later was 0.91±0.16 in group A, 0.89±0.26 in group B, 0.89±0.14 in group C and 0.86 ± 0.26 in group D, respectively. There was not any statistical difference in dialysis efficacy among four groups.
To determine which parameter was significantly and independently related to the serum iPTH level after a 1-year period of haemodialysis, we performed multiple regression analysis ( Table 3 ). The serum HbA 1c and alkaline phosphatase levels were related to the serum iPTH level independently (P < 0.001 and P = 0.012, respectively).
Discussion
While confirming the low levels of the serum iPTH in diabetic haemodialysis patients compared with those in nondiabetic patients, this study showed that poor glycaemic control further reduced the serum iPTH level without administration of any active forms of vitamin D, whereas improved glycaemic control resulted in an increase in an serum iPTH level. The multiple regression analysis showed that the serum HbA 1c level was closely related to the serum iPTH level after haemodialysis therapy. The serum calcium and phosphorus levels, which were known to influence the serum iPTH level, did not show any significant correlation with the iPTH level. This may be because that the calcium and phosphorus levels had already been adjusted and maintained by using phosphate binders during the haemodialysis therapy. In this study, a significant elevation of the serum alkaline phosphatase level was noted at the start of haemodialysis, also suggesting low bone turnover in diabetic patients, especially in those with poor glycaemic control. This is probably because the serum alkaline phosphatase levels are elevated in both types of osteodystrophy with low bone turnover and high bone turnover. More sensitive markers for bone formation, such as intact osteocalcin or bone-specific alkaline phosphatase [11, 12] , should have been measured to assess more accurately the effect of glycaemic control on bone turnover.
In diabetic patients without renal insufficiency, it was reported that their bone turnover is suppressed because the bone formation was decreased with low intact osteocalcin levels according to their glycaemic control [13] [14] [15] . In diabetic patients without renal insufficiency, poor glycaemic control is associated with the increase in the urine calcium secretion, and therefore PTH secretion is stimulated by the decreased serum calcium level [16, 17] . This is the reason why the serum iPTH levels do not show significant differences in diabetic patients without renal insufficiency although bone formation is decreased. On the other hand, when the diabetic nephropathy becomes so severe that the patients need haemodialysis therapy, their serum levels of iPTH are significantly decreased compared with those without diabetes in inverse proportion to the increased serum calcium level followed by the reduction in urine calcium secretion [2, 3] . Thus, renal osteodystrophy showing the aplastic or low-turnover bone disorders, which is most characteristic in diabetic haemodialysis patients, is caused by both impaired secretion of iPTH and decreased bone formation [5] [6] [7] .
It has been reported that advanced glycation endproducts (AGEs) play an important role in the pathogenesis of both impaired secretion of iPTH and decreased bone formation [18] [19] [20] . The serum levels of AGEs are elevated in patients with diabetic nephropathy, correlating directly with serum creatinine levels, and were reported to be higher by about 5-fold in diabetic haemodialysis patients compared to normal subjects [18] . It was demonstrated that the increase in PTH secretion in response to the low serum concentration of calcium is inhibited by AGEs [20] . In addition, it was also shown that AGEs inhibit osteocalcin synthesis in response to 1,25(OH) 2 vitamin D 3 in cultured human osteoblasts, which were proven to have receptors to AGEs [19, 20] . Therefore, diabetic haemodialysis patients with high serum levels of AGEs are indicated to suffer from low-turnover bone disorders caused by both impaired iPTH secretion and decreased bone formation.
It is difficult to interpret the HbA 1c levels in diabetic haemodialysis patients as a measure of glycaemia because of their reduced red blood cell survival, erythropoietin and iron therapy. That is the limitation of this study, however, in the present study, we demonstrated that keeping good glycaemic control has a beneficial effect on the serum iPTH levels even in diabetic haemodialysis patients on high levels of AGEs. In face of the increasing population of diabetic patients on haemodialysis and their expanding duration of haemodialysis therapy, glycaemic control is exceedingly important to prevent aplastic or low-turnover osteodystrophy, one of the most severe complications of long-term haemodialysis therapy.
